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THEODORE J. STARR®

Catastrophic fish mortalities associated with algal blooms have
occurred at various times throughout the world (Connell and
Cross, 1950; Ballantine and Abbott, 1957). In the Gulf of Mexico,
blooms of Gymnodinium breve (Davis, 1948) accompanied
massive hish kills which were reported along the west coast of
Florida (Gunter et al., 1948), the southeast coast of Texas, and
the northeast coast of Mexico (Wilson and Ray, 1956). G. breve
appcars to be widely but sparsely distributed in the Gulf of Mex-
1co. A critical combination of chemical and physical factors sets
off blooms (Ketchum and Keen, 1948; Gunler et al., 1948; Hela,
1955, Chew, 1955).

Until recently, studies of the metabolism, physiology, and toxin
of G. breve were hampered because of the fragile nature and fas-
tidious growth requirements of this organism. Wilson and Collier
(1955) developed an enriched sea-water medium which sup-
ported growth and serial transfer of unialgal cultures of G. breve.
Their mass cultures killed fish. Ray and Wilson (1957) then
1solated G. breve and showed that pure cultures killed fish. They
reconfirmed the toxicity of unialgal cultures.

This study describes some procedures for the bioassay of the
toxin 1n unialgal cultures of G. breve and some properties of
crude toxin preparations,

Materials and Methods

Growth of mass cultures. Unialgal mass culturcs of G. breve were grown
in 20 liter carboys containing 15 liters of the sea-water medium described by
Wilson and Collier (1955) with (a) half the amount of soil extract, (b) 3 x
the final concentration of Na»$S-9H,0, and (c) omission of EDTA.. Good growth
(1 to 3 million living cells per liter) was obtained in 4 10 8 weeks; toxicity
experiments were then conducted.

Bioassay organisms. In early experiments the guppy, Lebistes reticulatus,
was used to compare the potencies of different preparations of (. breve. The
guppies, bred in quantity in laboratory tanks, were available throughout the
year, Although the guppies did not breed in waters of high salinity (approxi-
mately 2.8 to 3.3 per cent) they survived at these salinities and could be trans-
ferred from fresh water without adverse effects. This ability to withstand high
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salinities was a prerequisile Jor iis use in bioassays since most of the tests were
made In the sea-water medium (salimity, 2.8 to 3.3 per cent, pH 7.9 to 8.2)
described above.

In later experiments mullet, Mugel cephalus, were used. Small mullet (ap-
proximately 2.8 to 3.0 cm.) were readily available in the immediate vicinity
of December through June. As they could not be maintained under our labora-
tory conditions for more than a week without loss of vitality, they were
caught with a dip net when needed (several hundred at a time [rom one
school) and uscd within 1 to 3 days. Small mullet proved sensilive to changes
in salinity. Those caught in low-salimity waters (0.3 to 0.8 per cent) were
gradually adjusted to higher salinities (2.8 to 3.3 per cent) by the dropwise
addition of saturated NaCl to their holding tanks (100 liters) over a period of
24 to 36 hours. Usnally this adjustment was unnecessary.

Responses of broassay organisms to the toxin. Most of our toxin preparations
from unialgal mass cultures (1.5 million cells per litter) killed mullet within
2 to 4 minutes, As the preparations were diluted, the symptoms of distress
and lime to death were prolonged. Mullet showed the following: within 30
seconds a violent lwisting and turning accompanied by cork-screw type move-
ments; then contractions and tail curvature at intervals of 10 to 20 seconds;
within 1 to 2 minutes equilibrinm is lost and fish may turn upside-down or
on 1its side; opercular movements are irregular and slow; little response to
probing and they may remain quiescent; immediately before death a violent
burst of aclivity occurs and the fish dies with mouth and opercula opened.
Once equilibrium is lost, removal to non-toxic water docs not aid recovery.

Toxin preparations which kill mullet in 2 to 4 minutes kill guppies in 8 to
15 minutes. The response of the guppy 1s sluggish compared to the mullet but
the symptoms are similar. It remains o be seen if the toxin acts alike in
both fish. _

These symptoms are remarkably similar to those described by Abbott and
Ballantine (1957) for Gobius flavescens (goby) in a toxic preparation of
Gymnodinium veneficurn (Ballantine, 1956).

Bioassay techniques using mullet. Oune liter aliquots of a mass culture (final
pH 8.15, salinity 3.3 per cent, 7 weeks old) having a living cell count of 1.5
mllion per liter were frozen overnight in flasks., The contents were thawed
in a water bath at room temperature (25%2° C.) and filtered through an
AA miilipore filter. Dilutions were made from the ccll-free preparation with
sea-water medium (pH 7.9, salinity 3.3 per cent) to give the following final

concentrations: (ml. G. breve preparation per 100 ml. final solution) 0.0,
2.5, 5.0, 10.0, 20.0, 30.0, 40.0, 50.0, 75.0 and 100.0. One hundred ml. of each
dilution were put into 250 ml. beakers. Mullel were washed in the uninocu-

lated sea-water medium for 15 to 30 minutes. At zero time, fish were added
to each dilution and death times recorded.

Resulis

Preliminary experiments with guppies and mullet indicated
that living cultures of G. breve were less toxic than killed oncs.
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In many instances, our test organisms remained active for ap-
proximately one hour in a culture of live . breve. However,
aliquots of the culture, previously treated to destroy G. breve,
killed both assay organisms in a matter of minutes. Gentle heat-
ing, quick freezing, pH changes, vacuum filtration, changes in
osmotic pressure, and addition of certain heavy metals to aliquots
of the culture, all increased toxicity.

Standard bioassay death curve for mullet. The standard bio-
assay death curve (Fig. 1) was made with a cell-free preparation.
It represents a composite of 4 experiments with a total of 12 to

16 fish for each dilution tested.

Minimum and maximum death times are indicated by the
extremes of the vertical lines. The points at which the assay
curve passes through the vertical lines are the average death
times of mullet in the indicated concentration of the G. breve
preparation. As shown, undiluted cell-free preparations (100
per cent) killed mullet within 2 to 4 minutes; with increasing
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F1c. 1. Response of mullet to Gymnrodinium breve toxin dilutions. Arbitrary
toxan units (TU) defined 1n text.
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dilutions, average death times were increased. In a 20 per cent
dilution, mullet were killed in approximately 60 minutes. A 10
per cent dilution proved toxic in 4 to 8 hours and sometimes not
at all. At concentrations below 10 per cent and in controls, mullet
were still alive after 72 hours at which time the experiment was
discontinued. Death times at specific concentrations increased
with decreasing dilutions of the original preparation as indicated
by the heights of the vertical lines 1n figure 1. Thus, at concen-
trations representing 100, 75, 50, 40, 30, and 20 per cent of the
cell-free preparation, the death range for different mullet was
2, 4, 7, 8, 15, and 25 minutes, respectively. At concentrations
representing 10 per cent of the original preparation which at
times would kill mullet within 4 to 8 hours or not at all, the vari-
ability in death time was too great for inclusion in the standard
curve.

Comparison of Abbott and Ballantine’s (1957) data with ours
suggests a similanty of action between the G. veneficum and G.
breve toxins. They reported that a strong toxic culture of G. vene-
ficum killed gobies in 5 to 6 minutes. Our usual cell-free prepara-
tions killed mullet within 2 to 4 minutes. Preparations diluted to
60 per cent killed within 5 to 6 minutes. Occasionally concen-
trated preparations were obtained which killed within 30 to 60
seconds.

T he toxin unit. One G. breve toxin unit ('TU) is defined arbi-
trarily as the amount of toxin per 100 ml. of sample which
under standard conditions will kill Mugel cephalus mm 60 + 15
minutes and a two-fold dilution of which may kill within 4 to 8
hours or not at all. The standard conditions include: mullet 2.5
to 3.0 cm. In total length, 100 ml. of test solution contained 1n
250 ml. beakers, controlled temperature 25 = 2° C., immediate
use of test solutions (some activity is lost on standing for pro-
longed periods), and appropriate salinity and pH controls.

Effect of temperature on toxicity. In preliminary experiments,
aliquots of living cultures of G. breve exposcd to lethal temper-
atures below 10° C. or above 37° C. proved more toxic than the
original culture. Freezing-thawing or a 1 to 3 minute exposure
at 50° C. were most effective 1n this respect.

Unialgal mass cultures of G. breve and uninoculated control
medium were divided into liter aliquots and frozen overnight.
After thawing in a water bath at 25° C., aliquots were assayed
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and contained 16 TU (killeg millet in 2 to 4 minutes). Other
aliquots were filtered through A A millipore filters. Residues
(cell debris) were reconstitited #1th control medium to concen-
trations representing 20 x the ofiginal culiure. Little or no ac-
livity was detected. The supernate or cell-free preparation con-
tained most of the original activity (16 TU).

The effect of temperature on ¢¢ll-free preparations containing
16 TU was tested in two serjes 0f experiments. In the first, a 2
liter aliquot was placed into 4 4 liter flask and heated on a hot
plate. Aliquots of 100 ml. were r€moved at temperatures of 25,
50, 65, 80, and 100° C., cooled iMmediately to 25° C. in an ice
bath, and assayed. Little or ng attivity was lost from a cell-free
preparation heated to 80° C, (Table 1). Approximately 1 TU

Taprt 1
Effect of increasing temperatures on tHe toxicity of cell-free preparations of
Gymnodinium breve wihy mullet the assay organism

Temp. ° C. Death Time Range (inin.)
i - —

25 3—4

50 3—4

65 4.7

80 3-8
100 47-80

— —

remained in aliquots of cultyres heated to 100° C. In the second
series, 2 lijer aliquots of a ¢e][-free preparation (16 TU) were
placed in ¢onstant temperatyre baths at 25, 45, 55, and 100° C.
Afler reaching the indicated temperatures, 100 ml. aliguots were
removed at various times (Tablé 2), cooled to 25° C. in an ice
bath, and assayed. Only 1 to 2 TU could be delected in those
samples heated to 45° C. fop about 4 hours or to 55° C. [or 2
hours. No toxicity could be detected in samples held at 100° C. for
5 munutes.

Effect of pH on toxicity. The ittluence of pH on the toxicity of
a living G. breve culture and on the toxicity of a cell-Iree prepara-
tion was tested. Aliquots of a cylture (5 weeks old, final pH 8.1,
salinity ca. 3.0 per cent, living cell count 1.2 million per liter) and
uninoculated control medium were adjusted with 5 N HCI or 5
N NaOH t ptf 3.3,5.4, 7.0, 8.1, and 9.5 (precipitates occurred at
the latter pH). At pH 3.3, 54, and 9.5, G. breve cells were de-
stroyed and mullet were disiregsed In 17 to 19 minutes. At the
origimal pH 8.1, G. breve remained active lor an extended period

Toxin from Gymnodinium Breve 505

TABLE 2

Effect of exposure time at elevaled temperatures on the loxicity of cell-free
preparations of Gymnodinium breve with mullet the assay organism

Average Dealh Time {(min.)

Time (min.) 25° C, 45° C. 5t C, 100° C.
0 3.5 3.5 3.5 64
5 .. .. 3.5 still alive 72 hr.
15 o .. 4.0 still alive 72 hr.
25 .. 3.5 .. still alive 72 hr.
30 3.5 .. 15 P
40 .. .. 22 still alive 72 hr.
60 3.5 .. ce
0G5 . 3.5 e e
90 . .. 36 e
120 4.5 .. L.
137 . . 90 ...
150 .. 49, .
180 .. .. o0 L.
244) 4.0 - Ce e e

285 . 120 cee i e

and mullet were distressed in 45 minutes. All fish 1n pH control
vessels appeared normal after 2 hours except for those held at
pH 3.3 which showed signs of distress.

A similar test was made with a cell-free preparation contain-
ing 4 TU (killed mullet in 5 to 10 minutes). Aliquots were ad-
justed to pH 5, 6, 7, 8, and 9. The average death times for mullet
in solutions al these pH levels were 5, 4, 8, 9, and 7 minutes, re-
spectively. Other aliquots were adjusted to the same pH levels,
readjusted to pH 8.0, and then tested. There was no apparent
change in toxicity of the original preparation due 1o pH changes.
Controls were still alive afler 24 hours.

Within the range of values tested, pH does not modify the ac-
tivity of the toxin as it affects mullet. However, a radical pH
change which destroys G. breve enhances the toxicity of the
original culture.

The effect of heavy metals on toxicity. The effect of heavy
metals on the toxicity of a living culture of G. breve was tesled.
Salts of Sr, Zr, Hg, Ag, and Cu (fmal concentrations 5 ppm.)
were added 1o 100 ml. aliquots of a culture. Distress times of the
cuppy and the state of activity of G. breve were recorded (Table
3). Hg, Ag, and Cu were lethal to G. breve within 7 minutes and
guppies showed signs of distress within 13 1o 18 minutes. Zr and
Sr were less effective 1n this respect; G. breve remained active
for ca. 60 minutes and guppies showed signs of distress within 111
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TasLE 3

Effect of heavy metals on Gymnodinium breve and on the torxicity of a living
culture with guppy the assay organism

Average Phstress

Metal (5 ppm.) State of (7. brave Thime for Guppy
Control, no addition dying—100 min, 120 min,
Sr, as SrCl;-6H.0 dying— 60 min, 183 mn.,
Zr, as ZrOCl.-8H:0 dying— 60 mn. 111 min.
Hg, as HgCl, dead — 7 min. 18 min.
Ag as AgNQ, dead — 7 mn. 13 min.
Cu, as CuSos+5H:0 dcad — 7 mn. 13 man.

to 183 munutes. In controls containing no added metals, guppies
were distressed 1mm 120 minutes at which time the numbers of
living G. breve had decreased considerably. These results indi-
cated that metals which destroy G. breve effectively enhance the
toxicity of the culture,

Attempts to concentrate the toxin. These experiments indi-
cated that the toxin i1s conlined mainly within the hiving organism.
Attempts were then made to harvest intact cells for possible con-
centration and 1solation of the toxin. Vacuum filtration and slow
centrifugation were ineffective because the fragile G. breve was
destroyed with release of the toxin. Intact cells were absorbed on
filter paper but the activities of the reconstituted residues de-
creased with increasing volumes of the original culture. Thus, the
filtrate of several liters of culture contained most of the original
activity. However, the residue from smaller volumes (50 to 200
ml.) was absorbed on the filter and the toxin could be eluted from
1t with little Ioss of the original activity.

Charcoal and alpha cellulose at various acid and alkaline pH’s
destroyed or removed the toxin from living culiures and cell-free
preparations. Attempts to elute the toxin with organic solvents
and buffers failed. Aliquots of a living G. breve culture in cellu-
lose dialyzing tubing were dialyzed against several changes of
distilled water. Samples removed from the bag after 6 hours
(G. breve was destroyed) contained most of the original activity.

Summary

Some properties of a toxin in unialgal mass cultures of Gym-
nodinium breve are described. Mullet and guppies were used to
compare the potency of different toxin preparations. G. breve
1s extremely sensitive to chemical and physical manipulation
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and the toxicity of a living culture is increased by agents which
destroy G. breve. Such observations indicate that the toxin 1s
largely within the cell. However, the fragility of G. breve has
rendered fruitless attempts to concentrate intact cells as a means
of concentrating the toxin.

In the absence of further information, it is difficult to compare
the toxin of Gymnodinium veneficum (Abboit and Ballantine,
1957) with the toxin of G. breve. They are probably similar. Al-
though the G. veneficumn loxin has been described as an exotoxin
(secreted into the water), it is difficult to tell whether G. breve
produces a true exotoxin (freely secreted or excreted into the en-
vironment by living cells) or an endotoxin (liberated from the

cells by lysis or autolysis).
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